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Abstract: this paper presents the authors’ theoretical and experimental preoccupations concerning the
dimensional working of the metal-carbide pieces by means of ultrasonic erosion, as well as the influence of
the technological parameters and of the abrasive suspensions over the quality and working speed.

INTRODUCTION

One of the factors that produced the fast development of the machines construction
industry, electrotechnics, fine mechanics, optics, aeronautical industry etc. consists of the
use of acoustic waves on larger and larger extent.

The acoustic waves can be classified as follows:
infrasound waves, with frequency range 0.5 + 20 Hz;
sound waves, with frequency range 20 + 20000 Hz;
ultrasound waves, with frequency range 16000 + 10'° Hz;
hypersound waves, with frequency range 10" + 10™ Hz.
The ultrasound waves have the largest applicability in the machines construction
industry, as direct working method or in assisting of other technological processes.

The distinct features of ultrasonic waves, as well as the effects connected to their
propagation (short wavelength, large acceleration of the medium particles, precise
directing of a sharp ultrasonic beam, energy concentration in a limited space, the
cavitation effect etc) determined the apparition of numerous applications in various
technical domains, as well as in medicine, biology, scientific research etc.

Ultrasounds are used in dimensional shaping by means of chipping, plastic
deformation, abrasive erosion, washing and burr-removing processes. The dimensional
shaping is applied mainly in the technology of metal-carbide draw-plate making and, with
remarkable results, in the technology of diamond draw-plate making. The ultrasound
erosion is applied to the materials with high fragility, average hardness and which do not
plastically deform prior to breaking. Such materials are: glass, quartz, ceramics, silicon,
ferrite etc. The universal ultrasound installations feature multiple use ranges, as shown in
tab.1.

Tab.1. Use of ultrasound working for various materials.

Destination of the machine Worked materials Maximal dimensions of Ultrasonic generator
the worked surface [mm] power [W]

Micro-hole drilling glass, ferrite, ceramics 5+7 100 + 500
Small surf ti ferrite, steel

ma. surfaces generation erri .e, stee 10+ 20 250 = 300
Cutting semiconductors
Drilling ceramics, metal-carbide 20 +22 500 + 700

Il holes drilli tal-carbide, steel

Sma. oles drilling metal-carbide, stee 40 + 45 1000 + 1400
Cutting quartz
Draw-plate and die working | metal-carbide 80 + 85 2000 + 2500
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PRINCIPLE OF U

LTRASOUND WORKING

The ultrasound dimensional working is based on material removing from the piece
to be worked by means of abrasive particles activated by ultrasound waves. The material
removing is carried out as a result of kinetic energy transfer from the tool to the abrasive
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Fig.1. Principle of the ultrasound erosion working.

ultrasound dimensional working, the work piece is fixed on the machine
[, which oscillates at about 20 kHz, with amplitudes up to 120 ym. The
n the range of F = 0.5 + 4 daN/ cm?.

remove the material from the worked surface, abrasive suspension is

added in the zone of action of the tool (fig.2). The abrasive suspension consists of water
which contains 5% abrasive silicon-carbide (SiC) powder, boron-carbide (B4C) or cubic
boron nitride (NBC). When diamonds are to be worked, the abrasive particles are also

diamonds.
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Fig.2. Working with

abrasive suspension (SiC). Fig.3. Working with diamond-coated abrasive tool.

Besides the above-mentioned method, there is another way of ultrasound working,
with a diamond-coated abrasive tool (fig.3). This tool rotates at high speed (3000 + 5000
rot/min), at static pressure of 20 + 30 daN/cm? and frequency of 20 + 30 kHz.

The abrasive suspension can be added in the zone of action by means of one of the
following methods:
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» sprinkling (fig.4.a);
» aspiration by the tool interior shaft (fig.4.b);
» injection by the tool interior shaft (fig.4.c).

Fig.4. Methods for bringing the abrasive suspension in the zone of action.

As previously shown, the ultrasonic removing of material is carried out by means of
the abrasive particles kinetic energy. When they are collided by the tool, they gain the
following kinetic energy:

-y
g2 B 1
2g f (1)
where vy, is the specific weight of the abrasive particle, g is the gravitational acceleration,

r

A is the oscillations’ amplitude, f is the oscillations’ frequency and d is the particle
diameter, considered to have a spherical shape.

When an abrasive particle collides with the surface of the work piece, it penetrates
into the material at the depth:

Vp
6Gm ’ g

h=mn-A-f-d- (2)

where o, is the average deformation strength of the worked material. So the removed
material volume is:

5 2, LAY
Vu:plpzpsfzd[u] (3)
66,9
where P; is the probability factor that takes into account the number of the collided
abrasive particles, P, is the probability factor that depends on the abrasive particles
concentration and P is the probability factor that depends on the chemical and cavitation
phenomena. The ultrasonic material removing speed is:
v=V n-f [mm3/s] 4)
where n is the number of abrasive grains between the tool and the work piece.
As shown in relations (3) and (4), the working speed (material removing speed)
depends on:
» the ultrasonic oscillation characteristics:
o frequency f;
o amplitude A;
» the abrasive grains characteristics:
o diameter d;
o specific weight v, ;

> average deformation strength of the worked material o, ;
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» probabilistic factors corresponding to the working conditions.

The working speed depends also on other factors, of which the influences have
been shown experimentally: the static pressure of the tool versus the work piece, the tool
shape factor, the viscosity of the abrasive suspension liquid, the worked surface
dimensions, the penetration depth, the accuracy and quality of the worked surface.

ABRASIVE MATERIALS USED FOR ULTRASOUND EROSION DIMENSIONAL
WORKING

The abrasive particles that are used for removing material from the work-piece
surface must feature large values of hardness and resilience, low fragility and a
corresponding chipping coefficient.

The abrasive suspension must contain grains in case of coarse grinding, and micro-
powders in case of finishing operations. The most frequently used abrasive materials are
shown in tab.2.

Tab.2. The most frequently used abrasive materials.

Abrasive material
Damond | porezon | Boen | Sen: | o
Hardness on Mohs scale 10 1 9 9 8
Micro-hardness [daN/mm?] 10000 11000 4300 3000 2060
Density [kg/dm3] 3.48 + 3.50 2.20+2.25 2.5 3.12 3.2+34
Relative chipping index 1 1.1 0.5+0.6 0.25+0.45 0.14 +0.16

The choice of the abrasive material is made according to the worked material and
the operation to be done (coarse grinding, semi-finishing, finishing). Also, the granulation
must be taken into account according to the standardized classifications.

The abrasive suspension is obtained by mixing abrasive grains or micro-powders
with water or oil in given proportions. Tab.3 shows the granulations that are used at
ultrasound dimensional working.

Tab.3. Granulations of abrasive patrticles.

Powders Micro-powders
Granulation dimezzgﬁ!: [um] prodice:tlfg:ﬁwdex Granulation dimeliz;’grflse [um] prodﬁg’lieg:%dex

12 125 + 160 1.00 M63 50 + 63 0.40
10 100 = 125 0.96 M50 40 = 50 0.37
8 80 + 100 0.85 M40 28 + 40 0.35
6 63 + 80 0.74 M28 20 + 28 0.17
5 50 + 63 0.65 M20 14 + 20 0.09
4 40 + 50 0.54 M14 10+ 14 0.05
3 28 + 40 0.44 M10 7+10 0.03

M7 5«7 0.02

M5 3+5 0.01

The working speed depends on the granulation of the abrasive particles. Both the
tool and the abrasive particles are worn during the working process, by crumbling and
blunting of the active edges because of the pressure exerted by the tool on the work-piece.
Tab.4 shows the wear and the relative productivity at working of hard materials.

1699



ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume VI (XVI), 2007

Tab.4. Wear and relative productivity at working of hard materials.

Worked material Relative tool wear Uz, [%] Relative productivity Q,
(compared to glass)

Glass 0.5+0.8 1

Agate 09+1.0 0.70 +0.80
Quartz 1.5+2.0 0.45+0.70
Mineral-ceramic materials 3+5 0.15+0.20

Ruby 20 + 40 0.12+0.18
Metal-carbide 50 + 80 0.015+0.03
Diamond 1500 + 2000 0.005 +0.010

Thus the continuous replacement of the abrasive suspension becomes necessary,
or else the working process fails because of the almost instantaneous breakage of the
abrasive particles.

ULTRASOUND WORKING PARAMETERS

The main parameters that characterize the ultrasound dimensional working are:
1) The productive working capacity Qy or Qu:

0, = 1o [m‘.‘f} (5)
L, P, min

QM=%-103 [_g } (6)
t min

P
where:

e M — mass of removed material [kg];

e p, —density of the worked material [kg/dm?] ;

e t, —working time [min].

2) The ultrasonic working speed V, an indirect parameter, used frequently at cutting and
drilling, which represents the tool penetration depth in the time unit:
y_H {@} (7)

[ min
where:
e H —tool penetration depth [mm];

e t,—working time [min].

3) The static pressure p, expressed as the ratio of the advance system force and the the
effective tool work surface:
F | daN
- 8
P=7 [ } (8)

2
cm

where:
e F — applied work force [daN];
e S — effective tool surface [cm?].

The static pressure is a main parameter of the ultrasonic working, with values in the
range 0.5 + 4 daN/cm? Smaller or greater values diminish substantially the productive
capacity or even prevent the working. Force F is a settable quantity of the machine

advance system.
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4) The shape factor k, which is the following ratio when the tool is cylindrical:
d
k=— 9
7 (9)

n

where:
e d - tool diameter [mm];
e d,— diameter of the worked drilling [mm].

The tool wear has direct implications over the working accuracy and, for a
conventional 10mm x 1mm blade-shaped tool, it is defined as follows:

5) The longitudinal wear U,, expressed as the ratio of tool wear length versus the effective
working depth:
— U . 0
U,_H 100 [%] (10)
where:
e U - tool wear length [mm];
e H — effective working depth [mm].

6) The transversal wear U, expressed as the ratio of tool frontal wear width versus the
effective working depth:
— UZ . 0
Ut_H 100 [%] (11)
where:
o U, —tool frontal wear width [mm];
o H — effective working depth [mm].

7) The mass wear U, expressed as the ratio of tool mass after and before working:

m,

U,=—--100 [%] (12)
mi

where:

e M — mass of the tool before working [g];

¢ m — mass of the tool after working [g].

8) The work frequency f [Hz], which represents the resonance frequency of the oscillatory
circuit. At the resonance frequency, the tool oscillation amplitude A reaches its maximum,
thus the tool productive capacity is also maximal.

9) The tool oscillation amplitude A [um], which represents the most significant parameter of
the ultrasonic oscillatory circuit, with direct implications over the productive capacity and
working quality.

10) The lateral interspace h, [mm], which represents the distance between the tool and the
worked lateral surface:
_d,-d+U,

h, 5

[mm] (13)

11) The specific energetic consumption Eg, [J/mm?], which is the ratio of consumed power
versus the volume of eroded material:
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Esp=i~60 [ JJ (14)

where:
e P —consumed power [W];
e Q- productive capacity [mm?®min].

EXPERIMENTAL RESEARCH

The experimental research has been carried out by means of an ultrasonic working
machine (fig.5), in the Non-Conventional Technologies Laboratory of the TCM Department
from the Managerial and Technological Engineering Faculty (University of Oradea), using
metal-carbide and ferrite as worked material, and silicon-carbide of various granulations in
30 + 60% water or oil as abrasive suspension; the tool was made of OLC45 steel, of
circular section with 14mm diameter. The tool was carefully designed and tuned in order to
resonate at the working frequency — integer multiple of A/2. The transducer heats up

during the working process and must be continuously cooled, thus it is fitted with a water-
cooling system.

LABI

FENMDLOEIR £

Fig.5. The ultrasonic working machme 1 — ultrasonic generator 2 — ultrasonic block;
3 — ultrasound concentrator; 4 — fixing and orienting device for the work-piece; 5 — transversal slider;
6 — longitudinal slider; 7 — hydraulic system for maintaining the contact between the tool and work-
piece; 8 — transducer cooling system; 9 — tool.

According to the working parameters — frequency f, amplitude A, static pressure Fs
and abrasive suspension granulation — the following graphs have been made:
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Fig.6. Influence of amplitude A and of working frequency over the working speed hm.
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Fig.7. Influence of static force Fs and of amplitude over the working speed hm.
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Fig.8. Influence of the working time t and of granulation over the penetration depth.
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CONCLUSIONS
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The experimental research showed that the size of the abrasive particles and the
ultrasonic oscillations amplitude influence directly the worked surface roughness. The
advantage of ultrasound working versus other non-conventional methods (electrical
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erosion, electro-chemical erosion etc) consists of the fact that both electrically conductive
and non-conductive materials can be worked. The tool does not require special materials
and can be made of steel. According to the tool dimensions and shapes, simple and
profiled drilling can be performed. The static pressure is also important over the working
speed — the optimal value is 1 + 3 daN/cm?.

The working accuracy increases as the abrasive grains are finer. Metal-carbide,
hard steel, brittle non-metallic materials, glass, ferrite, composite materials and alloys that
mostly cannot be worked by means of other method can be worked by means of
ultrasounds.
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